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ABSTRACT 36 
The effects of urban living on health are becoming increasingly important, due to an 37 
increasing global population residing in urban areas. Concomitantly, due to 38 
immigration, there is a growing number of ethnic minority individuals (African, Asian or 39 
Middle Eastern descent) living in westernised Higher Latitude Countries (HLC) (e.g. 40 
Europe, Canada, New Zealand). Of concern is the fact that there is already a clear 41 
vitamin D deficiency epidemic in HLC, a problem which is likely to grow as the ethnic 42 
minority population in these countries increases. This is because 25-hydroxyvitamin D 43 
(25(OH)D) status of ethnic groups is significantly lower compared to native 44 
populations.  45 
 46 
Environmental factors contribute to a high prevalence of vitamin D deficiency in HLC, 47 
particularly during the winter months when there is no sunlight of appropriate 48 
wavelength for vitamin D synthesis via the skin. Also, climatic factors such as cloud 49 
cover may reduce vitamin D status even in the summer. This may be further worsened 50 
by factors related to urban living, including air pollution, which reduces UVB exposure 51 
to the skin, and less occupational sun exposure (may vary by individual HLC). Tall 52 
building height may reduce sun exposure by making areas more shaded. In addition, 53 
there are ethnicity-specific factors which further worsen vitamin D status in HLC urban 54 
dwellers, such as low dietary intake of vitamin D from foods, lower production of 55 
vitamin D in the skin due to increased melanin and reduced skin exposure to UVB due 56 
to cultural dress style and sun avoidance. 57 
 58 
A multidisciplinary approach applying knowledge from engineering, skin photobiology, 59 
nutrition, town planning and social science is required to prevent vitamin D deficiency 60 
in urban areas. Such an approach could include reduction of air pollution, modification 61 
of sun exposure advice to emphasise spending time each day in non-shaded urban 62 
areas (e.g. parks, away from tall buildings), and advice to ethnic minority groups to 63 
increase sun exposure, take vitamin D supplements and/or increase consumption of 64 
vitamin D rich foods in a way that is safe and culturally acceptable. This review hopes 65 
to stimulate further research to assess the impact of high latitude, urban environment 66 
and ethnicity on the risk of vitamin D deficiency.  67 
 68 
Keywords: Urban, rural, 25-hydroxyvitamin D, 25(OH)D, ethnicity, latitude 69 
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1. Introduction 70 
 71 
Vitamin D deficiency is a global epidemic; the aetiology of which is tied to both the 72 
outdoor environment and availability of vitamin D from diet (foods in their natural state, 73 
fortified foods and supplements).  Vitamin D deficiency has been associated with a 74 
wide variety of chronic diseases (e.g. heart disease, cancer, osteoporosis, diabetes, 75 
autoimmune and infectious disease) [1] and eradicating it is of clear public health 76 
importance.  77 
 78 
In high latitude countries (HLC; defined in this review as latitude greater than 40 79 
degrees N or S) season and climate are known to affect 25(OH)D status. Low 25-80 
hydroxyvitamin D (25(OH)D) is particularly likely during the winter months, where there 81 
is no sunlight of appropriate wavelength for synthesis of pre-vitamin D in the skin. 82 
Climatic factors such as cloud cover may also lead to lower 25(OH)D status via 83 
lowering skin exposure to the sun.  84 
 85 
Within urban areas, factors such as air pollution, indoor living and extensive shade 86 
due to tall building height and narrow roads may further worsen 25(OH)D status [2, 3]. 87 
Factors such as a higher number of indoor workers may also reduce 25(OH)D 88 
concentration, although this may vary by individual HLC concerned as some HLC 89 
countries have a higher proportion of outdoor workers in rural areas than do others.  90 
Latitude and urban related factors together may be of greater detriment to 25(OH)D 91 
status in darker skinned ethnic minority groups (e.g. African, Middle Eastern, South 92 
Asian), who are already at high risk of vitamin D deficiency due to skin pigmentation, 93 
clothing style, sun avoidance behaviour and genetics. These groups are known to be 94 
at higher risk of 25(OH)D deficiency in HLC compared to native populations [4-6].  95 
 96 
As 25(OH)D deficiency is associated with higher risk of multiple chronic diseases, 97 
including osteoporosis, diabetes, cancer, cardiovascular disease and autoimmune 98 
disease [1], 25(OH)D deficiency may contribute to ethnic inequalities in health. Indeed, 99 
poorer health among ethnic groups in western countries, compared to their majority 100 
peers, has been widely documented [7, 8] and recent studies show that with increasing 101 
duration of residence in the new country, immigrants’ health often worsens [9, 10]. 102 
Moreover, 25(OH)D deficiency may partly explain the higher risk of heart disease and 103 
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diabetes in African and South Asian groups [11] (albeit much of this association may 104 
be due to obesity) which is associated with vitamin D deficiency [12]. 105 
 106 
This Review will discuss vitamin D sources and metabolism, before discussing urban-107 
rural differences in vitamin D status and specific factors related to latitude, urban living 108 
and ethnicity in HLC. It will then discuss multidisciplinary approaches to improve 109 
25(OH)D status among HLC urban dwellers, including specific tailoring of approaches 110 
for ethnic minority groups. 111 
 112 
2. Vitamin D sources, metabolism and optimal vitamin D status 113 
 114 
Vitamin D is obtained from two sources, diet and UVB radiation of the skin. Vitamin D 115 
is the generic term for two different molecules, ergocalciferol (vitamin D2) and 116 
cholecalciferol (vitamin D3). Ergocalciferol is derived from UV radiation on ergosterol, 117 
which is largely distributed in plants and fungi, whereas cholecalciferol is formed from 118 
the action of UV rays in the skin in animals [13]. Therefore D2 is found in some plant 119 
and fungi foods, and D3 is found in animal foods. 120 
 121 
Casual exposure of the skin to the UVB portion of sunlight (290-310nm) converts the 122 
molecule 7-dehydrocholesterol, naturally present in the epidermis, to pre-vitamin D. 123 
Pre-vitamin D is then metabolized to become vitamin D through a thermal 124 
isomerisation, which then binds to vitamin D binding protein in the blood and is 125 
transported to the liver, along with vitamin D from dietary sources. In the liver, these 126 
molecules first go through hydroxylation by the cytochrome P450 enzyme CYP2R1 127 
(25-hydroxylase) to produce 25-hydroxyvitamin D (25OHD), the major circulating form 128 
and storage form of vitamin D in the body, as well as the usual serum measure used 129 
to assess vitamin D status. The molecule 25OHD undergoes a further hydroxylation 130 
in the kidney, made by the enzyme CYP27B1 (1α-hydroxylase), resulting in the active 131 
form 1α,25OH2D, which optimizes calcium and phosphate absorption from the 132 
intestine, as well as having direct effects on bone health [13-16].  133 
Vitamin D is essential for the maintenance of bone health and the regulation of calcium 134 
and phosphorous absorption and homeostasis. Along with parathyroid hormone, it 135 
regulates calcium and phosphorous metabolism and enhances the absorption of 136 
calcium in the gut and the kidney.  137 
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 138 
Although the definition of vitamin D adequacy is still much debated and varies 139 
substantially amongst different agencies around the world, there is indeed a general 140 
consensus that serum levels of 25-hydroxyvitamin D (25OHD) should be above 25 141 
nmol/l in order to prevent detrimental effects to bone health. However, the extent to 142 
which it should exceed 25nmol/L is widely debated. The UK Scientific Advisory 143 
Committee on Nutrition [17] has suggested over 25nmol/L for bone health but the 144 
US/Canadian Institute of Medicine [18]recommends over 50nmol/L [18]. It has been 145 
extensively argued that for non-skeletal health outcomes higher levels of 25(OHD 146 
should be targeted, with recommendations ranging from 25 nmol/l up to 100 nmol/l. 147 
Indeed, the US Endocrine Society recommends over 75nmol/L for non-skeletal health 148 
[14]. 149 
 150 
Sufficient vitamin D is required from environmental sunlight exposure and the diet to 151 
ensure adequate 25(OH)D status. Factors that reduce sunlight exposure to the skin, 152 
or reduce the consumption of dietary vitamin D, will increase the risk of 25(OH)D 153 
deficiency. Research assessing differences in 25(OH)D between urban and rural 154 
settings, as well as latitude, urban and ethnic related factors associated with 25(OH)D 155 
status in HLC will now be discussed. 156 
 157 
3. Vitamin D status in Urban vs. Rural settings 158 
 159 
Vitamin D deficiency has been known for many years to be common in urban areas. 160 
For example, in the early 20th century, nutritional rickets due to vitamin D deficiency 161 
was common in the UK. This vitamin D deficiency was likely caused by lack of sunlight 162 
due to high levels of air pollution and shading from tall buildings in narrow streets, as 163 
well as long daily indoor working hours for children. Nutritional rickets continues to be 164 
a global Public Health problem today, and is on the increase[19]. In terms of HLC, 165 
nutritional rickets is relatively rare, for example in Denmark data shows an annual 166 
incidence of 2 in 100,000 children aged 0-2.9 years old [20]. It is most common in 167 
darker skinned ethnic groups, due to their higher risk of vitamin D deficiency. Urban 168 
living may increase the risk of rickets further via its effects on reducing vitamin D 169 
status. Increased rickets in urban areas in modern times is also likely due to the 170 
increased proportion of darker skinned ethnic minorities in urban areas compared with 171 
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rural areas, so may be a consequence of both the types of populations living in urban 172 
areas and the environmental or lifestyle factors reducing vitamin D status in urban 173 
spaces. 174 
 175 
In terms of differences in 25(OH)D status between urban and rural areas, a lower 176 
25(OH)D status in urban, as opposed to rural, settings has been proposed but there 177 
is a lack of studies, in either HLC or lower latitude countries, directly assessing this. In 178 
terms of HLC, in a Belgian study by Manicourt and Devogelaer (2008), urban women 179 
had higher levels of sun exposure, but also had a higher prevalence of 25(OH)D 180 
concentrations below 75 nmol/L then did rural women (84% vs. 38%). In Belgium, due 181 
to pollution rates, ozone levels are three times higher in the metropolitan capital, 182 
Brussels, than in the countryside [21] which could explain this study’s result. In the 183 
same study, the urban dwelling women were found to require three times more sun 184 
exposure to gain the same concentration of 25(OH)D as those in the rural areas, even 185 
after adjusting for baseline 25(OH)D [21]. Similarly, a study of over 3000 German 186 
adults found that living in an urban area led to 1.4 times increased odds of 25(OH)D 187 
<25nmol/L (vitamin D deficiency) compared to living in a rural area [22]. The urban 188 
area studied was Augsburg, a small city of population circa 280,000 people, and the 189 
authors speculate the urban-rural difference would be larger if comparing the rural 190 
areas with a larger city [22].  191 
 192 
Similar findings have been found in lower latitude countries. A study in Saudi women 193 
reported significantly lower 25OHD concentrations in those living in apartments than 194 
those in country houses or rural areas [23]. Saudi women have almost 100% coverage 195 
of the whole body when in public due to cultural clothing customs, and therefore would 196 
require a private courtyard or garden to allow them to expose their skin to the sun. 197 
Fonseca et al. (1984) suggest it might be easier for rural dwellers to obtain privacy 198 
(e.g. have a courtyard) [23]. We also speculate that rural women may spend more time 199 
outdoors (e.g. due to outdoor occupational work) and may therefore obtain some 200 
25(OH)D via the small part of the face which is exposed.  201 
 202 
Examination of data from the Korean National Health and Nutrition Examination 203 
Survey (2008) found higher 25(OH)D in adult rural dwellers than in adult urban 204 
dwellers, which the study authors suggested was due a more active lifestyle and lower 205 
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air pollution in rural areas [24]. Another Korean study [25] also found that rural dwellers 206 
had higher 25(OH)D, attributing this to nearly two-thirds of rural dwellers working 207 
outdoors in fishery, forestry or other agricultural industries, compared with almost no 208 
urban dwellers in these industries. 209 
 210 
One study of over 1000 Mexican children found higher 25(OH)D in rural children, than 211 
in urban children, with 18% of urban children having 25(OH)D <50nmol/L (vitamin D 212 
insufficiency) compared with only 10% of rural children [26]. Finally, a study of 213 
Malaysian women found higher 25(OHOD in rural dwellers (median 70.7±18.3 nmol/L) 214 
than urban dwellers (median 45.7±15.5 nmol/L), with rural dwellers having 2.7 times 215 
more sun exposure per week due to increased outdoor working [27]. 216 
 217 
However, some studies have found no urban-rural difference in 25(OH)D status. A 218 
study in the US of over 9000 veterans, comparing large metropolitan, urban and rural 219 
residents, found a statistically significant, but not clinically meaningful difference in 220 
25(OH)D status by area of residence [28]. Indeed, all areas had an average 25(OH)D 221 
concentration of 28-30nmol/L [28]. Similarly, in an Indian study [29] and a study in the 222 
United Kingdom (UK) [30], no difference in 25(OH)D concentrations between residents 223 
of urban or rural areas was identified. Sachan et al. (2005) suggest that the reasons 224 
for the lack of difference between Indian urban and rural areas, despite lower sun 225 
exposure in urban areas, is actually due to lower calcium intake in rural areas. They 226 
suggest that prolonged calcium deficiency leads to vitamin D deficiency, as has been 227 
seen in a rodent study [31]. Glass et al. (2009) do not speculate on the reasons for the 228 
lack of urban-rural difference in 25(OH)D status, but it could potentially be due to the 229 
fact that the majority of the UK rural dwellers are indoor workers, so sun exposure may 230 
actually be similar to urban dwellers.  231 
 232 
Overall, further studies are needed to define the differences in the prevalence of 233 
vitamin D deficiency between urban and rural settings, particularly as only three of the 234 
above studies were from HLC, and urban-rural differences may differ by latitude and 235 
degree of westernisation. Moreover, we can speculate that the impact of outdoor 236 
working may be less relevant in HLC, whereby rural dwellers are less likely to be 237 
involved in outdoor manual working than is the case in lower latitude countries. 238 
 239 
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4. Latitude related factors 240 
 241 
4.1 Season, time of day, altitude, cloud and ozone: influence on UVB availability  242 
 243 
The cutaneous synthesis of vitamin D is dependent on the suitable UV photon 244 
reaching a 7-dehydrocholesterol molecule, which is influenced by the solar zenith 245 
angle according to latitude, season, local atmospheric conditions and time of the day.  246 
In latitudes higher than 40 degrees, there is no UV radiation of the appropriate 247 
wavelength (280mm-310mm) from the end of October to the end of March. For the 248 
remaining months of the year, 60% of the effective UV radiation occurs between 249 
11.00am and 3.00pm [32, 33]. Moreover, atmospheric conditions, such as cloud, 250 
ozone and humidity can cause absorption or deflection of much of the UV rays in 251 
sunlight before it reaches the earth’s surface [15, 34]. Figure 1 shows mean circulating 252 
25(OH)D levels in different populations according to geographic latitude, illustrating 253 
clearly that 25(OH)D declines with increasing distance from the equator. This suggests 254 
a lower 25(OH)D status in populations living in HLC. 255 
 256 
 257 
Figure 1:  Mean circulating 25-hydroxyvitamin D levels in children, adolescents, and 258 
adults according to geographic latitude (source: Zittermann  et al. 2006[35]; 259 
reproduced with permission of Elsevier). 260 
 261 
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Altitude is another factor that affects dermal production of vitamin D. At higher 262 
altitudes, the atmosphere is thinner and filters less UVB radiation. Also, there may be 263 
differences in cloud cover by altitude. The literature on altitude and vitamin D 264 
production is limited, but it is known that altitude alters the length of the time period 265 
when vitamin D can be produced[36]. Few studies have directly assessed varying 266 
altitude and concurrent vitamin D production but one study [37], in November at 27° 267 
N, using ampoules of 7-dehydrocholesterol placed at varying altitudes between Agra 268 
(169m above sea level) and Everest Base Camp (5350m above sea level), showed a 269 
4 times greater vitamin D production at higher altitudes. This is of course an extreme 270 
altitude, as people do not generally live at the equivalent of Everest Base Camp. 271 
However an increase in vitamin D production was also seen at  intermediate altitudes, 272 
for example being 2 fold greater in Kathmandu (1400m) compared with Agra[38], so 273 
providing proof of principle that increased altitude is associated with higher vitamin D 274 
production, although the relative influence of different mediating factors responsible . 275 
for this effect, for example changes in air pollution and cloud cover have not been 276 
elucidated.  277 
 278 
Finally, excessive sunscreen use may also be a problem for 25(OH)D status in HLC. 279 
Regular use of high factor sunscreen, direct sun avoidance and “covering up” have 280 
been largely advised in sunny countries, especially in lower latitude countries, for 281 
cancer prevention purposes [39]. However, they have also been advised the same in 282 
HLC, and overzealous use of high factor sun screen, covering the body with clothing 283 
and sun avoidance on days where the risk of sunburn is low may adversely affect the 284 
ability of the skin to produce vitamin D. 285 
 286 
 287 
5. Urban factors 288 
 289 
5.1 Pollution  290 
 291 
Urban areas are known to have much higher levels of air pollution than rural areas, 292 
due to pollutant emissions from industrial sites and transport. Urban areas also lack 293 
green vegetation which is known to reduce air pollution levels [40]. Air pollution may 294 
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also block UVB radiation, which could lead to lower 25(OH)D concentrations. Some 295 
research has supported an association between air pollution levels and 25(OH)D 296 
status, with higher 25(OH)D in those from less polluted areas of a city, compared with 297 
more polluted areas [2]. Even the air quality of the pregnant mother’s living 298 
environment has been found to be associated with 25(OH)D concentration in the new-299 
born infant [41].  300 
 301 
Of course there are confounders that need to be considered in the relationship 302 
between air pollution and 25(OH)D status, including lower socioeconomic status of 303 
people living in areas with higher pollution levels [42], and lower socioeconomic status 304 
being associated with increased likelihood of being obese [43] which is associated 305 
with lower 25(OH)D concentration. More research is now needed in the area of 306 
25(OH)D and air pollution, particularly to establish how much air pollution needs to be 307 
reduced to produce a meaningful improvement in 25(OH)D status and whether 308 
different types of pollutants are more detrimental to 25(OH)D production than others. 309 
 310 
5.2 Built environment 311 
 312 
In urban settings a large number of tall buildings with narrow roads, with little open 313 
space, will cause more shade, meaning less UVB radiation falling onto the skin. There 314 
is a lack of research on building height and 25(OH)D status, but recent modelling 315 
suggested significant reduction in UVB exposure when a high-rise urban environment 316 
was simulated, compared with an unobstructed environment [3] and this is a clear area 317 
where future research is needed. 318 
 319 
5.2 Time spent outdoors 320 
 321 
There is some data on time spent outdoors in HLC. For example, Diffey et al (2011) 322 
report data from studies in Denmark and England on outdoor exposure on weekends 323 
and weekdays in indoor adult workers. In Denmark [44] from April-October, weekend 324 
exposure from 12.00-15.00h was 30mins and from 07.00-19.00 was 1 hour 20 mins. 325 
Equivalent data for weekdays were 0 mins and 40 mins. On weekends, in England 326 
[45] in April and July, between 10.00 -15.00h outdoor exposure was 40 mins and 327 
between 11.00 - 13.00 it was 15 mins. Equivalent data for weekdays were 15 mins 328 
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and 6 mins. This suggests very little sunlight exposure in indoor workers on weekdays, 329 
but increased exposure at weekends.  Of note, much of the exposure in the week may 330 
be at times of day when little or no vitamin D is produced in the skin (e.g. walking to 331 
work and back in the early morning and early evening). Another study analysing data 332 
from the Women’s Health Initiative found that both recreational sun exposure and yard 333 
work were associated with increased 25(OH)D status in US postmenopausal women, 334 
but only in summer/autumn (fall), not winter/spring [46].  Finally, an Irish study found 335 
that recreational sun enjoyment was associated with higher 25(OH)D in older 336 
adults[47].These studies suggest that although both adventitious and recreational sun 337 
exposure can improve vitamin D status, often the timing of adventitious exposure (e.g. 338 
on way to work) may not be optimal for dermal vitamin D production and that 339 
recreational sun exposure at weekends is likely to be of longer duration and at a more 340 
optimal time of day for vitamin D production (the hours nearest to noon), excluding a 341 
large proportion of the population who do not engage in this activity. 342 
 343 
In terms of urban-rural differences, in urban areas it can be more difficult to get 344 
adequate exposure to sunlight than in rural areas, both due to factors of the built 345 
environment but also do to indoor lifestyles in cities. Recent work has started to define 346 
the amount of sun exposure required to maintain a sufficient vitamin D status in HLC 347 
and it is feasible and realistic for paler skinned urban dwellers to attain this. For 348 
example in the UK, Webb [48] estimated that 9 minutes per day between March and 349 
September, exposing the forearms, lower legs, hands and face (from June to August) 350 
and just the hands and face (March to May, September) was enough to keep 351 
individuals above 25nmol/L all year around. However, for South Asians, who typically 352 
have skin type V, a longer time period was required (24-40 minutes, with 35% of skin 353 
exposed to the sun), which is likely to be less feasible to achieve [49].  354 
It is currently unknown what skin exposure would be required to produce sufficient 355 
vitamin D in Black skin year around, but is likely to be even longer than that for the 356 
South Asians and therefore even less feasible to achieve. These assumptions are 357 
based on exposing skin to full sunlight and not being in the shade, so urban dwellers 358 
would need to be away from tall buildings and shaded streets when getting their sun 359 
exposure, which gives an added inconvenience or barrier. Urban dwellers may have 360 
to make a large effort to move to a place where they can fully expose their skin (e.g. 361 
a city park, walking a few streets down) which is likely to be unrealistic in most cases. 362 
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In rural areas, with much higher availability of open space it will be much easier to 363 
attain full sunlight on the skin during this 9 minute period. Of course, if larger doses of 364 
vitamin D are recommended then the amount of sunlight required may still become 365 
unfeasible [50]. For example, if the skin was required to produce the equivalent of 366 
4000IU dietary vitamin D then there would not be enough time available during a 367 
typical worker’s lunch hour, during the months when vitamin D can be produced, 368 
without requiring unrealistic levels of skin exposure [50]. 369 
 370 
Changes in lifestyle choices and behaviours are likely driving changes in outdoor sun 371 
exposure. There is a clear trend over the last 30 years for urban children to spend less 372 
time outdoors and for increased screen time (combined television and computer use) 373 
to substitute for outdoor activity. Recent research from Canada suggests rural children 374 
spent more time outdoors (9.8% of day) compared with urban children (5.8% of day) 375 
[51], suggesting that living in an urban area means less outdoor activity for children. It 376 
is less clear as to whether overall leisure screen time varies between urban and rural 377 
areas, with one study finding that screen time was similar between urban and rural 378 
adolescents in Canada and the US, but the types of screen time varied by location 379 
and urban-rural status [52].  380 
 381 
Increased screen time may impact on 25(OH)D status in two ways; first by increasing 382 
obesity (through concurrent eating, viewing adverts for unhealthy food, spending less 383 
time in physical activity and reducing sleep time) [53] and second through less times 384 
spent outdoors [54]. The impact of excessive screen time on obesity [55] and 385 
childhood mental wellbeing [56] have been well documented, but there is a lack of 386 
promotion of the potential negative impact of excessive screen time for 25(OH)D 387 
status. Although, one recent Dutch study found increased television viewing was a risk 388 
factor for increased risk of vitamin D deficiency [57] as did an analysis of US NHANES 389 
2001-2004 data [58]. 390 
 391 
Also, outdoor manual work is usually less undertaken in urban than in rural areas. 392 
Although agricultural employment is generally on the decline in industrialised countries 393 
[59] some rural areas in HLC still have a significant proportion of agricultural workers, 394 
suggesting in that these counties occupational sun exposure is likely to be higher in 395 
rural areas compared to urban areas. However, the importance of this factor is likely 396 
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to vary by individual HLC. For example, Canada has a relatively large rural population 397 
who work outdoors in agricultural employment, which is not the case in the United 398 
Kingdom (UK). In countries with a lower percentage of rural workers in outdoor work 399 
we would expect less of an urban-rural divide in 25(OH)D status. 400 
 401 
 402 
6. Ethnic factors 403 
 404 
6.1 Skin pigmentation 405 
 406 
Individuals with higher melanin content in their skin require more UV light exposure to 407 
synthesize the same amount of vitamin D3 as individuals with less melanin [39, 60, 408 
61] as cutaneous melanin pigment in human skin naturally competes for and absorbs 409 
the UVB photons responsible for the photolysis of 7-dihydrocholesterol to pre-vitamin 410 
D3. This limitation was well observed in a study which found higher amounts of UVB 411 
were required to achieve a similar 25(OH)D concentration in Black than White adults 412 
[62]. However, another study found that baseline 25(OH)D concentration was more 413 
predictive of change in 25(OH)D after UVB exposure than was skin pigmentation, in 414 
UK dwelling White and South Asian women [63]. 415 
 416 
6.2 Behavioural and cultural factors 417 
 418 
Clothing habits, due to cultural and religious preferences as well as prevalent 419 
environmental conditions, are also an important influencing factor that may contribute 420 
to a significant reduction in the synthesis of vitamin D [50, 64]. Ethnic minority groups 421 
with a formal requirement for a heavy, covered dress style are likely to have a reduced 422 
ability to synthesise vitamin D from UVB radiation, with concomitant impacts on their 423 
25(OH)D status. Studies have confirmed lower 25(OH)D concentrations in Middle-424 
Eastern women and girls who are veiled, compared with partly veiled, even within the 425 
same culture [65, 66]. This implies that veiled women in high latitude countries would 426 
also be at greater risk of a 25(OH)D deficit compared with non-veiled women. Urban 427 
living, darker skinned ethnic minority groups in HLC will be most affected by the lack 428 
of UVB availability for skin production of vitamin D, both due to time of day and season, 429 
but also as a consequence of living in areas shaded by taller buildings. 430 
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 431 
In terms of indoor behaviour in ethnic minority groups, there is little data on screen 432 
time, but one study found that pre-school age UK Pakistani children (12-36 months 433 
old) had increased television viewing time per day as compared with UK White children 434 
[67]. In US adults, African Americans (23%), but not Mexican Americans (8%), had a 435 
larger number of individuals watching >5 hours of television or computer use per day 436 
than did White Americans (13%) [68]. The above studies show that screen time usage 437 
may vary by specific ethnic group, so no general conclusion can be made that ethnic 438 
minority groups have a higher or lower screen time than non-minority groups.  439 
 440 
In terms of outdoor sunlight exposure, a recent US study found similar number of 441 
minutes spent outdoors per week between Black and White adults [69]. However, 442 
research has suggested that western dwelling Asian populations [70, 71] may differ in 443 
their behaviours, and specifically are likely to practice sun avoidance, which would 444 
limit their outdoor activity in the summer. Again, it appears that differences in sunlight 445 
exposure are ethnic minority group specific, so we cannot make generalised 446 
judgements on the basis of solely belonging to any minority group. 447 
 448 
 449 
6.3 Genetics 450 
 451 
Inter-individual variability in 25(OH)D status can be partly explained by differences in 452 
the metabolism of vitamin D. The Vitamin D receptor gene plays an important role in 453 
vitamin D metabolism and polymorphisms in this gene can potentially affect Vitamin D 454 
expression [72, 73] as can polymorphisms in the hydroxylase enzymes controlling 455 
vitamin D metabolism, and in the vitamin D binding protein (DBP). Genetic variation 456 
could explain the considerable differences in vitamin D levels among populations seen 457 
independently of latitude and sunlight exposure [74, 75].  458 
 459 
There is limited research into the genetics of vitamin D metabolism in darker skinned 460 
ethnic groups living in HLC, but some research suggests that some polymorphisms in 461 
GC and CYP2R1 genes (involved in vitamin D metabolism) are associated with 462 
25(OH)D concentrations in Arabian [76] and South Asian [76, 77] groups. However, 463 
conversely one study found no association between vitamin D binding protein (DBP) 464 
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or vitamin D receptor (VDR) genotypes and 25(OH)D status in Australian dwelling 465 
Asians [78] albeit within a small sample (n=72) for a genetic analysis. Another study, 466 
in 989 Black Americans, found no associations between known polymorphisms in 467 
genes involved in vitamin D metabolism and 25(OH)D status [79]. 468 
 469 
In evolutionary terms, we can speculate that darker skinned immigrants to HLC have 470 
moved from a sunny area of the world, to which they are genetically adapted, with year 471 
round ability to produce vitamin D in the skin, to an area of the world where vitamin D 472 
can only be produced for part of the year, that they are not necessarily genetically 473 
adapted to. This suggests a potential genetic disadvantage in terms of being able to 474 
produce, and/or maintain adequate concentrations of vitamin D when living in a sun 475 
deprived environment. However, more research is required to provide evidence to test 476 
this hypothesis as current evidence concerning ethnicity, genetics and 25(OH)D status 477 
is limited. 478 
 479 
 480 
7. Multidisciplinary approaches to improve 25(OH)D status HLC urban dwellers 481 
 482 
This review has discussed urban-rural differences in 25(OH)D status. It has described 483 
the latitude related factors that affect 25(OH)D status in HLC (e.g. climate, lack of 484 
ability to synthesise vitamin D in the winter) as well as factors related to urban living 485 
that may detrimentally affect 25(OH)D status (e.g. air pollution, tall buildings causing 486 
excessive shade, indoor activity). It has also considered factors specific to urban 487 
dwellers from darker skinned ethnic groups living in HLC, who are at greater risk than 488 
native populations for vitamin D deficiency due to dietary, cultural, behavioural and 489 
genetic factors. Living in an urban area in a HLC is likely to further exacerbate 490 
25(OH)D deficiency in these groups due to the above listed latitude and urban related 491 
factors. The review will now discuss possible multidisciplinary approaches to tackle 492 
vitamin D deficiency in HLC urban dwellers, including those from these ethnic minority 493 
groups. 494 
 495 
7.1 Reducing air pollution 496 
Countries globally are aiming to reduce levels of air pollution, and further reduction of 497 
this is likely to improve 25(OH)D status in their populations. The engineering of new 498 
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products to remove air pollutants, or to prevent their initial production (or release to 499 
the air) from industry and transport vehicles, will reduce air pollution levels and 500 
improve UVB radiation to the skin, which may improve vitamin D status. More research 501 
is now required to establish how much of a reduction in air pollution is required in order 502 
to achieve a meaningful increase in vitamin D status. 503 
 504 
7.2 Recommendations for safe sunlight exposure 505 
 506 
There is a dual dilemma concerning gaining adequate vitamin D from sunlight and also 507 
protecting the skin against skin cancer. The majority of vitamin D is made from 508 
exposure of skin to sunlight, and the production of vitamin D occurs before the skin 509 
burns, so burning is absolutely contraindicated for both skin health and achieving 510 
adequate vitamin D status.  Recent research suggests that low dose summer sun 511 
exposure can lead to vitamin D sufficiency with only low level, non-accumulating 512 
damage to DNA [80].  513 
However many skin experts suggest that all sun exposure is detrimental, even very 514 
short exposures, due to the cumulative effects of radiation exposure to the skin.  One 515 
recent study suggested increased skin damage in children after exposing skin to the 516 
sun on holiday in Northern Europe [81], but this study has been criticised as the 517 
children were exposed to 6-7 hours of sun a day, which is far greater than that needed 518 
for adequate vitamin D synthesis, and use of sunscreen after an initial short period of 519 
unprotected skin exposure around noon would have reduced the skin damage but still 520 
have the benefit of producing vitamin D (commentary by Webb [82]. The subjects were 521 
also relatively vitamin D sufficient so would not be expected to make large gains in 522 
vitamin D status[82]. 523 
There is clearly a need for public health recommendations which consider the trade-524 
off between protecting skin from sun damage and also allowing enough sunlight 525 
exposure to produce adequate vitamin D. In addition. current recommendations for 526 
sunlight exposure for optimal vitamin D levels should take into consideration not only 527 
individual but also environmental factors. Current recommendations, such as those in 528 
the UK, may account for latitude and time of day, e,g. encouraging adults to expose 529 
uncovered forearms, legs or hands to the sun for 10-15 minutes, between 11am and 530 
3 pm per day, during March to October [83]. However, these do not consider whether 531 
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someone is living in an urban or rural environment, and as such do not recognise the 532 
potential influence of current ozone levels, cloud cover or air pollution levels.  533 
 534 
Photobiologists and skin cancer specialists are required to guide the development of 535 
tailored messages for urban dwellers on safe sun exposure that still allows for dermal 536 
production of vitamin D. However, this risks making the overall sun exposure message 537 
too complicated for people to understand. Indeed, for this reason the UK NICE (2016) 538 
recommendation already ignores body position (e.g. laying down may irradiate more 539 
of the body than standing up). However, a caveat could be added to the 540 
recommendation to ensure that people are standing in full sunlight, particularly that 541 
urban dwellers move away from tall buildings (i.e. find a reasonably open space) when 542 
they aim to get their daily sunlight exposure. Psychologists and social scientists may 543 
be able to advise public health providers on ways to design messages to ensure they 544 
are effectively taken up by the target population. 545 
 546 
Another possibility is for all new urban buildings to be built of a shorter height and for 547 
streets to be made wider. However, this is probably unlikely to occur, due to the 548 
pressures of proving enough occupational and residential space in cities, and a focus 549 
on moving people away from built-up shaded areas within sun guidance messages is 550 
more realistic. Indeed, town planners could design towns and cities with more open 551 
green spaces to enable sun exposure unshaded by buildings. 552 
 553 
Of course, sun exposure messages are already problematic for some ethnic minority 554 
groups (e.g. Muslim women) who are not able to expose their arms, or in some cases 555 
their face or arms, in public. Interventions to improve sunlight exposure in this group 556 
may need to consider whether there is a private place (e.g. a garden) where exposure 557 
is acceptable. Of course this will be a particular problem for women who live in urban 558 
apartment blocks, who have no personal garden, or for whom gardens are overlooked 559 
by neighbours. Short sun exposures may not be enough to produce sufficient 560 
(≥50nmol/L) 25(OH)D status in UK South Asian women, as seen in the study by 561 
Rhodes et al. (2010) who exposed South Asian women to UVB 3 times a week for 6 562 
weeks, giving the cumulative equivalent of 20 standard erythemal doses (SED) of 563 
sunlight [84]. Therefore, in addition to increasing safe sun exposure, other methods 564 
(e.g. dietary) will also be required for some ethnic minority groups. Psychologists and 565 
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social scientists, alongside nutritionists and dietitians, will be able to design culturally 566 
appropriate public health messages to improve vitamin D intake and to increase safe 567 
sun exposure for these groups. 568 
 569 
Tackling the ‘indoor culture’ of excessive screen time, encouraging indoor urban 570 
workers to get some safe sun exposure during their work breaks and at the weekends, 571 
as well as encouraging more outdoor play in urban children is likely to be helpful for 572 
improving 25(OH)D status. However there are significant barriers to achieving this, not 573 
least the issue of time pressured working conditions, and for children a lack of 574 
availability of open spaces and the issue of perceived safety concerns of parents. This 575 
highlights the need for employers, community groups, local authorities and town 576 
planners to be involved in strategies to facilitate change, again using tailored 577 
messages informed by psychologists and social scientists. 578 
 579 
7.3 Dietary Interventions 580 
 581 
Nutritionists and dietitians, alongside psychologists and social scientists, can 582 
contribute to improving vitamin D intake in HLC urban dwellers, both directly by 583 
working with individuals and, perhaps more effectively, via public health campaigns 584 
and messages. It is worth noting that very few foods are natural sources of vitamin D 585 
(e.g. oily fish, eggs, meat, mushrooms) and even those have relatively small amounts 586 
per standard portion. The exception is oily fish, where a large portion (e.g. 100g) 587 
provides around 10 micrograms of vitamin D, depending on species and whether it is 588 
wild or farmed fish. However, oily fish is not regularly consumed in large amounts by 589 
most people in HLC. Moreover, many ethnic minority groups, for religious reasons, 590 
may consume little or no oily fish, meat and eggs (e.g. vegetarian and vegan Hindus) 591 
or don’t consume a lot of oily fish in the traditional diet (e.g. Muslim Pakistanis, Middle 592 
Eastern groups). Even Bangladeshi populations, whose diet traditionally contains a lot 593 
of oily fish, do not eat necessarily large amount of oily fish when living in the UK, [85] 594 
the reason for which is unknown but could include cost of and availability of fish. 595 
Therefore, increasing dietary intake of vitamin D by recommending increased intake 596 
of natural vitamin D sources such as oily fish, eggs and meat may be challenging in 597 
some ethnic minority groups. 598 
 599 
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Due to the limited contribution of foods/diet to vitamin D status, vitamin D 600 
supplementation and/or food fortification have been increasingly proposed as an 601 
effective strategy of improving vitamin D status. Some HLC already have vitamin D 602 
fortified milk products (e.g. Canada and Finland) and these products have made an 603 
impact in improving vitamin D status in their populations as a whole. Indeed, the 604 
Finnish experience with food fortification is considered a land-mark example for 605 
fortification public policies. A voluntary food fortification policy was initiated in Finland 606 
in 2003 recommending the addition of 10 μg/100 g vitamin D to fat spreads and 0.5 607 
μg/100 g to fluid milk products. A nationally representative survey of Finnish adults[86] 608 
reported that over a period of nearly 10 years, mean 25(OH)D concentrations 609 
increased from 47.6 nmol/L to 65.4 nmol/L and milk consumers had a 25(OH)D that 610 
was 20nmol/L higher than milk non-consumers. [86] Additionally, the prevalence of 611 
concentrations below 30 nmol/l went from 13% to 0.6%. Although the results are 612 
unquestionably very impressive, it is important to mention that the same survey 613 
reported that supplement intake increased from 11% to 41% [86].  Also, a recent 614 
systematic review and meta-analysis of randomised control trials assessing the impact 615 
of consuming vitamin D fortified foods on 25(OH)D status found that 11 micrograms 616 
per day led to a rise in 25(OH)D concentration of 19.4nmol/L [87].  However a number 617 
of the trials used milk based products which is an issue as many ethnic minority 618 
individuals are lactose intolerant, or are vegan, and so avoid milk products.  619 
In Finland the implementation of a systematic national fortification programme was 620 
proven to be an effective approach to improving vitamin D status of the population. 621 
The challenge now comes when applying the Finnish protocol to other countries 622 
around the world, with different solar radiation, cultural habits, ethnic diversity and food 623 
accessibility. A new generation of fortified products, suitable for consumption by 624 
minority ethnic groups, are therefore urgently required in HLC. Fortification of biscuits 625 
or fruit juice are two possibilities, which would be suitable for all ethnic groups, with 626 
recent research suggesting both products are acceptable to consumers and effective 627 
in raising 25(OH)D levels [88]. In most HLC fortification of the national food supply is 628 
likely to benefit both urban and rural dwellers as the majority of both HLC populations 629 
likely consume food produced by the same companies. However, in some HLC (e.g. 630 
Northern Russia or Canada) there may be significant rural populations who eat mostly 631 
locally produced food and may not get access to the fortified foods. A food fortification 632 
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scheme is likely to be of more benefit all urban dwellers, albeit there may still be some 633 
restrictions to access such as availability and cost. 634 
 635 
Vitamin D supplementation is another strategy, but relies on the motivation of each 636 
individual to comply with taking the supplements in the long term. Vitamin D2 may be 637 
more suitable for ethnic minority groups who are concerned about the use of animal 638 
products in the supplement (vitamin D3 is extracted from lanolin, found in sheep’s 639 
wool). Although it has recently been shown to be only half as effective as vitamin D3 640 
in raising 25(OH)D levels [88] it is more feasible for use in some ethnic minority groups 641 
(e.g. vegetarians, vegans, those who need a halal diet). 642 
 643 
Tackling obesity through weight loss in adults, or improved weight for height in 644 
children, is also recommended. Although obesity is not strictly an urban-specific 645 
problem, it is common in urban areas and is known to be associated with reduced 646 
25(OH)D status [12]. 647 
 648 
8. Conclusion 649 
 650 
This review has presented evidence that living in urban areas in HLC exerts a variety 651 
of detrimental effects on vitamin D status. These factors may further exacerbate 652 
vitamin D deficiency in darker skinned ethnic minority groups. This review has 653 
highlighted the need to investigate the role of urban living in HLC, with a particular 654 
requirement to consider the increased risk profile of ethnic groups with regards to 655 
vitamin D deficiency. In particular, more research is needed into the impact of air 656 
pollution, indoor living and building height on 25(OH)D status, as well as robust studies 657 
of urban-rural differences in 25(OH)D status. The review proposes a multidisciplinary 658 
approach from engineers, town planners, photobiologists, nutritionists, dietitians, 659 
psychologists and social scientists to tackle vitamin D deficiency in the urban 660 
environment, with specific tailoring of approaches for ethnic minority groups. 661 
 662 
 663 
 664 
 665 
 666 
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